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(57) Abstract 

An electronically programmable masking device 
(162) for photolithography applications, compmmg an ac- 
tive liquid crystal micro array ^j^^tSm, 
(101). an interconnection system (138) and, in mostem- 
bodiments. the drive and interface circuitry. ^P™*™?; 
nS£ abtds (101) can be electronically controlled to be 
^T^nsjarent to the exposure 
uSSaphic exposnre systems. The pud (124) sue mart 1 be 

such *at when the pixel (124) i« W«» » ™ 
See, the resulting size is compatible with the paaernreso- 
ution required on the target surface. The space between 
puds preferred to as the pad gap ' (M^ ■«£ £ 
£ such that it cannot be resolved by the optics ( 16*1 66) 
oTthe exposure system. A coomunicaoons ^ P™^« 
for direct downloading of patterning data to the device 
from external sources such as computer aided design 
(CAD) systems. 
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Specification 

"PROGRAMMABLE MASKING APPARATUS" 



This invention relates generally to a progrannnable masfcng apparatus andmc* 
palti cularly to a liquid crystal based, electronically programmable 1* — » 
^ccvice and method, for use in conjunction with image general and unage 

10 transfer systems. 

U A specific application of the present invention relates to prograrnmable masking 

« devices Z use in conjunction with exposure syaems for the purpose of general 

14 photoUthogiaphic images on photosensitive surfaces. 

An even more specific application of the present invention relates » 
programmable reticles or masks for use in conjunction with ultraviolet exposure syaems 
rrpZlititographic processes associated win, sennconductor manufactunng^ Into 
^dJ application of the 'present invention, such programmable rendes or masks 
Lze a liqrid oystal mien,array of programmable pixels to define the desned opaque 
21 and transparent patterns of the reticles or masks. 

22 
23 

24 DESCRIPTION "F PMOR ART 



Ptotolimographic pattern generation relies mostly on optical exposure sysems 
which transfer fixed patterns, previously defined on masking devices, to photoseusmve. 
target surfaces in me form of laumt images. Such phottHiu»grapbic partem genentton 
is widely used in the industry in large volume processes requiring partem replication. 

A major application of this technology is found in the sermeonduetor indusny 
where such rnasldng devices typically consist of glass or quart, substrates wta«n me 
totoi pane rns are defined on hard smface films such as chromeorironox.de. m 
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1 fiimg mast be opaque to the ulna violet light required for the operation of the wafer 

2 exposure systems used in the nnoolithography of semiconductor wafers. In this 

3 application, such masking devices are used in two distinct configurations- In the first 

4 configuration, known as a ™*<\r t the Tnaclring device comprises a large number of 

5 identical patterns, where ea ch pattern corresponds to a semiconductor device or circuit. 

6 In die second configuration, known as a reticle, the masking device typically comprises 

7 the patterns corresponding to one integrated rircitiL Masks are used with wafer 

8 exposure systems which transfer the mask patterns to a wafer surface in a single 

9 operation. Reticles are used with wafer exposure systems known as wafer steppers 

10 which transfer the pattern on the reticle to a large number of sites on the wafer by 

11 sequentially stepping from site to site and repeating the exposure operation at each site. 
12 

13 In accordance with present technology, these masks and reticles are typically 

14 fabricated with electron beam writing systems which, by means of photolithographic 

15 techniques, translate computer aided design (CAD) data into permanent patterns on the 

16 surface of the transparent substrate. 
17 

IS The complete wafer fabrication process for each specific device or integrated 

19 circuit requires a set of masks and/or reticles which comprises all the patterning layers 

20 required by the specific fabrication process. Depending upon technology, the number of 

21 these layers may vary from a few, for very simple processes, to approximately 30 for 

22 very complex processes, with 12 to 16 being typical for most integrated circuit process 

23 technologies. 
24 

25 Masks and reticles currently range in cost from $400 to over $1,500 and typically 

26 take two weeks to obtain when ordered from commercial suppliers. In addition, 

27 integrated circuit layouts are often revised, requiring the generation of new sets of 

28 masks and/or reticles with each revision. As a result, wafer fabrication facilities are 

29 often burdened with substantial mask and reticle inventory costs. Further, the delays 

30 associated with the introduction of new masks and/or reticles delay the introduction of 

31 new products and product improvements, severely limiting potential profitability. 
32 

33 To perform die photolithographic processes of semiconductor fabri c ation, the 

34 mask* «nH/nr i*»ti/*Ue <m ;*«m>n~* ;~ — . ■ ■— ~ — « — — £ — - 1 J 



WO 91/10170 



PCT/US90/07331 



-3- 



1 to 
2 
3 



5 
6 
7 
8 
9 
10 



to acconnnoda* the production requirements of a large combination of layers and 
product, These frequent changes result in substantial setup time penalnes, causing a 
^cdon in productivity of the associated exposure systems, winch normally range in 



4 cost from $500,000 to over $1,000,000 each. 



For several years the semiconductor industry has been searching for cost effeenve 
^ of erectly translating, in real time, computer aided design (CAD da* into 
„ on the wafers. Direct eleemm beam writing systems can techmcally perfonn 

exposure systems. These constraints make direct electron beam writing a cost 
ineffective technology for wafer manufacturing. To date, the practical use of such 
direct electron beam writing systems has been limited to research projects :o the 
commercial production of masks and reticles for use in conjunction with ultraviolet 



13 
14 

15 exposure systems 
16 
17 
18 
19 

20 suffers from a number of disadvantages, most significandy: 

21 
22 



The conventional technology which is based upon the use of fixed masks and 
ancles in conjunction with ultra violet exposure systems has proven to be a cost 
effective technology in producing semiconductor products in large volume. However, it 



(a) The inability to image directly onto a wafer surface, patterning data provided 

23 by a computer system, thereby seriously irnpairing the evolution of custom 

24 integrated circuit technologies and wafer scale integration. Wafer scale 

25 integration, is a technology outlined in further detail under the secnon 

26 covering the objects and advantages of the present invention. 

28 (b) The requirement for mamtaining and managing large inventories of masks and 

29 reticles to support a typical wafer fabrication facility. 
30 

31 (c) The substantial exr^ndirures associated" with the continuing need to genera* 

32 new masks and reticles to support product updates and improvements. 

33 _ ^ 
tv,. two week rvmcal delav in the introduction of new product 
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! and product jvements resulting ton the nine necessary for the 

2 generation of nc masks and reticles. 

3 

4 (e) The productivity losses due to the senip times associated with the frequent 

5 changes of masks and reticles which ate typically required in the course of 

6 the n^rnal operation of a wafer processing facility. 
7 

8 (f) The inability to support partem repair process technology. Such technology 

9 could provide the. means for achieving substantial yield increases in the 
10 manufacture of semiconductor devices. 

11 

12 The use of liquid crystal technology for the purposes of producing programmable 

13 photoUthographic masking devices has been very limited. However U.S. Pat. 

14 No.4,653,860, issued on March 31, 1987, describes the use of a programmable liquid 

15 crystal shutter inserted in the light path of a direct wafer stepper to selectively 

16 murninate, under remote control, specific areas of a hard surface reticle. Unlike the 

17 current invention, this device does not operate directly as a high resolution 

18 programmable patterning system. Rather, the patterns are defined by a conventional 

19 hard surface reticle which provides the desired image resolution and the mumination is 

20 selectively controlled by a liquid crystal shutter inserted in the light path. As stated in 

21 that patent its field of applicability is limited to those applications requiring minor 

22 programming changes whereby the major portion of the reticle remains unchanged for 

23 the various programming options required. 
24 

25 

26 OBJECTS AND ADVANTAGES OF THE INVENTION 
27 

28 The general object of the present invention is to provide electronically 

29 programmable high resolution masking devices. 
30 

31 Such programmable masking devices wfll use liquid crystal technology to define 

32 an electronically programmable micro array of pixels. The optical resolution of these 

33 devices wfll be compatible with the specific requirements of each application. The 

34 pixels can be individually programmed to be transparent or opaque to me light used tn 
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c0 ^ 0 a wim each specific type of appneauon of the ^'^"^ 
I^T^ ccnrrol me rows and — of such nuero array. *° 

arcrany • „ ^ nrm , voltaec w each pixel as means of defining 

capability of applying the appropriate control voltage to cacu v 

cap<iu j ^ r 7 . •« -to— the nattera data winch 

.he desired patterns. A bit map micro array memory will store tne partem 

^Lld enabHng compmer systems to cc^m^ wi^ micro ^rmemory 

7 in both the read and write modes. 

8 Another genera! object of the present invention is to provide electronically 
^gr^nable high resolntion masking devices for us. in conjuncdon wtth mag. 
ZTsyL*. as means for implementing direct imaging of computer generated 



1 

2 
3 
4 
5 
6 



9 
10 

11 . 

12 patterning data onto photosensitive substrates or surfaces. 

13 
14 
15 



Still another object of the present invention is to provide programmable reticles 
and masks which can be integrated into the ultraviolet exposure systems used m 
semiconductor manufacturing, for the purpose, of implementing, in real ume, chrect 
imaging of pattern generation data onto me surface of semiconductor waters. 

! Further objects and advantages of such programmable reticles and masks are: 

(a) To provide a means of converting pattern gyration data, directly into liquid 
crystal micro array patterns which will appear in the optical plane normally 
occupied by conventional masks or reticles, when such masks or reticles are 
mounted in ultraviolet exposure systems in the proper position for the 
25 exposure of wafers. 

27 (b) To provide means for downloading pattern generation data directly from a 

28 computer system into such programmable masks and reticles. 

(c) To provide means for the efficient fabrication of fully ciistormzed integrated 
ciicmts with relative costs and fabrication times comparable to those of 
nndd integrated circuits. Tnis object can be achieved by the use of the 
prtscnt invention to translate computer aided design (CAD) data into patterns 



16 
17 
18 
19 
20 
21 
22 
23 
24 



29 
30 
31 
32 
33 
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25 



(d) To eliminate the mtermediate process step through which fixed masks and 
reticles are typically generated, 

w To elinnna* the inventory costs of masks ad reticles typically associated 
wifl, ,he conventional masks and reticles presently used in semiconductor 
manufacturing. 

(f) To improve the productivity of expensive ultraviolet exposure systems by 
the setup times typically associated with conventional masks and 



1 
2 

3 reticles are typically generated. 

4 
5 
6 

7 manufacturing, 

8 
9 
10 

11 reticles. 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 purpose of repairing defective patterns identified during inspection. 

23 
24 



(g) To provide means for repairing defects which may have been detected, dunng 
the various inspections performed on the patterns produced on the wafer 
surface. Such inspections, are typically performed after photoresist image 
definition (in-process inspection) and after the completion of all the steps 
which constitute a complete photolimographic process sequence (final 
inspection). Such partem repair may be accomplished with the use of the 
present invention by defining, in real time, an appropriate repair pattern based 
upon defect data collected during inspection. Such repair pattern would then 
be used in conjunction with an appropriate pattern repair process for the 



(h) To provide wafer stepper exposure systems with the capability of changing 
critical dimensions and patterns from field to field to facilitate circuit 
26 performance optimization, yield enhancement and process improvement. 

27 

28 (i) To substantially reduce the cycle time required for the development anc 

29 introduction of new integrated circuits. 

30 t . . 

31 (j) To provide wafer stepper exposure systems with the capability of pnntm, 
different products on the same wafer by changing the reticle pattern unde 
computer control while the exposure system steps from field to field. 



32 
33 

OA 
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2 
3 
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ft) To provide . cost effective approach for the irnplemenradon of wafer scale 
to £atiou. Wafer sole integration refers to the creation of a complete 
deconic on a dficoo wafer, involving the three fundamental 



4 technologies outlined below: 



! ! The technology to produce on the same wafer all the different »rypesof 

7 ' inBgraed ciremts required for a complete electronic system. Tors 

8 

9 outlined above. 

10 



Bctaology can be implemented by the use of the present invention as 



2 The technology to identify throngh test procedures all the functional 
' integrated dicmts of each rype on the same wafer. This technology vs 



11 
12 

13 currently available in the industry 



3 The technology to generate, in real time, an appropriate interconnect 
panern to produce a complete electronic system out of funcnonal 
integrated circuits available on the same wafer. This technology can be 
implemented by the capability of the present invention to translate, m real 
time, computer aided design (CAD) data into interconnect patterns 
20 printable directly onto the wafer surface. 

Additional objects of the present invention arc to provide electronically 
programmable high resolution masking devices for use in visual display projection 
„ systems, real time holography, printing systems and omer applications requiring the htgh 
25 resolution and ptogrammability of the present invention. 
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1 TrafifTRTFTION OF THE DRAWINGS 

2 

3 in the drawings, which farm an integral pan of the specification of the present 

4 invention and which axe to be read in conjunction therewith, and in which like 

5 reference numerals are employed to designate similar components in various views: 
6 

7 Fig. 1 is a simplified plan view depicting the principal components of a 

8 preferred embodiment of the present invention; 
9 

10 Fig. 2 is a representational partial cross section taken along the line 2-2 in 

11 Fig. 1 depicting a portion of an active liquid crystal micro array and the 

12 peripheral circuitry associated with it; 
13 

14 Fig- 3 is a pictorial representation of the conductive coatings which serve as 

15 pixel electrodes for the active liquid crystal micro array shown in Fig. 1; 
16 

17 Fig. 4 is a representational partial top plan view fflustrating the configuration 

18 -of the active liquid crystal micro array shown in Fig. 1; 
19 

20 Fig. 5 is a representational partial cross section taken along the line 5-5 in 

21 Fig. 4 iUustrating the cormguranon of one of the transistor switches used in the 

22 active liquid crystal micro array; 
23 

24 Fig. 6 is a pictorial representation of the micro array interconnection system 

25 comprising control lines, data lines, transistor switches and pixel electrodes in 

26 accordance with the present invention; 
27 

28 Fig. 7 is a representational partial plan view depicting the common electrode, 

29 pixel electrodes, gate control lines and data lines of the preferred embo dimen t; 
30 

31 Fig. 8 depicts two alternative configurations for the common electrode of Fig. 

32 7 conmrising (1) the addirior. of orthogonal metal traces to lower the sheet 

33 resistance of mis electrode and 21 the addition of red (R), green (G) and blue 

14 CK\ rnlnr fTlti-r* fnr Hisitsl rc.'.r- -urniir- 
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2 Fig. 9 is a xeprcsentational partial cross section taken along the line 9-9 in 

3 Fig. 8, to farther illustrate the orthogonal metal traces; 

5 Fig. 10 is a represcwanonal partial top plan view similar to thai shown in 

6 Fig. 4 with the exception of the transistor switches which are configured with 

7 redundant terrmnals, depicting an alternate emb^xfirnent of the present invention; 
8 

9 Fig. 11 is a representational partial cross section taken along the line 11-11 in 

10 Fig. 10 showing a redundant field effect transistor switch with one source, two 

11 gates and two drains; 
12 

13 Fig. 12 is a representational partial top plan view illustrating a temporary 

14 interconnection system rsed for testing the integrity of the transistor switches 

15 associated with each of the pixels in the micro array; 
16 

17 Fig. 13A is a representational partial cross section illustrating a defect on the 

18 first layer metal of a redundant double layer metal interconnecting system; 
19 

20 Fig. 13B is a representational partial cross section illustrating a defect on. the 

21 second layer metal of a redundant double layer metal interconnecting system; 
22 

23 Fig. 14A is a representational partial top plan view illustrating the principle 

24 for the dual layer interconnecting system according to one of the proposed 

25 embodiments of the present invention; 

26 .. 

27 Fig. 14B is a representational partial top plan view illustrating a preferred 

28 configuration of the peripheral interconnect system comprising three layers of 

29 metalization; 
30 

31 Fig. 15 is a representational partial top plan view mustrating a contactless 

32 connector system used in accordance with the present invention and comprising 

33 infrared transmitters and receivers; 
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1 Fig. 16 is a representational partial cross section taken along the line 16-16 in 

2 Fig. 15 showing the configuration of the amractless connector system illustrated 

3 in Fig. 15; 

4 

5 pig. 17 is a amplified schematic diagram mustrating one of the preferred 

6 circuits used to control the voltage applied to each pixel as means of modulating 

7 its transparency; 
8 

9 Fig. 18 is a pictorial representation of a photolithographic exposure apparatus 

10 mustrating the use of the programmable masking device of the present invention 

11 to generate images on a photosensitive target surface from data provided by a 

12 computer system; 
13 

14 Fig. 19 is a pictorial representation illustrating the use of the prog rammab le 

15 . masking device of the present invention in a visual display projection system; 
16 

17 ' Fig. 20 is a pictorial representation mustrating the use of the prog rammab le 

18 masking device of the present invention in a three dimensional projection viewing 

19 system; 
20 

21 Fig. 21 is a pictorial representation illustrating the use of the programmable 

22 masking device of the present invention in a holographic imaging apparatus; 

23 • 

24 Fig. 22 is a pictorial representation mustrating the use of the programmable 

25 r masking device of the present invention in a printing apparatus. 
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1 DESCRIPTION OF THE PREFE **™ EMBODIMENTS 

2 

3 Various embodiments of the present invention are described in this section, 

4 starting with the embodiment with the simplest configuration which, for convenience, 

5 wOl be designated as the first embcxfcment. The description of this first ernbodiment is 

6 followed by an analysis of the technological problems associated with the 

7 implementation of the present invention. This analysis serves as the background for the 

8 irnprovements and features comprised in other ernbodiments described in this section 

9 which, for convenience, wffl be designated as second, third and fourth embodiments. 

10 Nex^ the issue of connectivity to an eternal computer system is addressed. This issue 

11 is followed by the description of a fifth embaiiment which provides the capability of 

12 modulating the transparency of each pixel in the micro array. Then, there are some 

13 considerations related to special appbeations of the present invention to semiconductor 

14 niamifacturing and finally two procedures are described, designated as test procedure 

15 and alternate interconnection procedure. These procedures overcome yield limitations in 

16 the manufacture of the embodiments described, thus providing cost effective means for 

17 commercially producing such embodiments. 



18 
19 
20 



Fig. 1 is a simplified plan view depicting the most relevant elements comprised in 
the preferred embodiments of the present invention. These elements are not necessarily 

21 included in each of these embodiments but are incorporated in this figure for reference 

22 in the descriptions which follow. This figure shows the active liquid crystal micro 

23 array 101 which is fully described in the first embodiment and represents the key 

24 element of the present invention. Within the micro array this figure shows the gate 

25 control lines 114 which must be sequentially enabled to provide a control voltage, via 

26 the data lines 115. to each pixel in the micro array. The area surrounding the micro - 

27 array provides space for the peripheral interconnect system 138 which is described in 

28 the fourth embodiment This peripheral interconnect system comprises the integrated 

29 circuits in die form 143, other interconnections shown in further detail in Fig. 14A and 

30 the conductive trace extensions 139 which are the extensions of the gate control lines 

31 and the data lines. Also depicted are the locations of the integrated circuit connecting 

32 pads 144. a ribbon cable connection 149 and an alternate contactless electronic 

33 connector described in detail in Fig. 15. 
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1 The first embodiment 
2 

3 The first embodiment of the present invention will be described with additional 

4 reference to figures 2 through 9. 
5 

6 Fig. 2 is a representational partial cross section taken along line 2-2^-in Fig. 1 

7 depicting a portion of an active liquid crystal micro array and the peripheral crouiiry 

8 associated with it The structural elements of the peripheral interconnect system pertain 

9 to the fourth embodiment of the present invention and their description is covered in 
10 detail in that section. 

11 

12 This first embodiment of the present invention comprises a glass primary substrate 

13 102 and a glass secondary substrate 103, both bonded to a thin perimeter spacer 109 

14 which holds the substrates in close proximity and parallel to each other. The volume 

15 delimited by these two parallel substrates and the perimeter spacer forms a sealed 

16 chamber containing a liquid crystal material 108. 
17 

18 Each of the substrates is coated, on the inner side of the chamber, with a thin 

19 conductive transparent fifrn such as aluminum or indium tin oxide. These conductive 

20 films are used to define the electrodes necessary for the operation of the liquid crystal. 

21 On the primary substrate 102 the coating is patterned to form a micro array of discrete 

22 pixel electrodes 104 organized in rows and columns, On the secondary substrate 103 

23 the coating is continuous and forms the common electrode 105. This electrode 

24 encompasses an area equivalent to the entire micro array area defined on the primary 

25 substrate 102. The space between adjacent pixel electrodes is called die pixel gap 106. 

26 The areas drfirvri by the pixel gaps 106 are used to locate the transistor switches 107 

27 by means of which the desired control voltages are applied to each of die pixel 

28 electrodes 104. 
29 

30 The primary substrate 102 and the secondary substrate 103 are both coated on the 

31 outer side of the chamber with a polarizing film shown in Fig. 2 as the primary 

32 substrate polarizer 202 and the secondary substrate polarizer 203. These polarizing 

33 fiiww are orHn»H such that the polarization angle between them is 90 degrees, thereby 

34 insuring that no light can be transmuted through both polarizing films when die 
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2 Fig. 3 is a perspective represeniaiion of the conductive coatings which seivc as 

3 pixel electrodes for the active liquid crystal micro axray of Hgs. 1 and 2. It shows the 

4 pixel electrodes 104, the common electrode 105 and the pixel gaps 106. Ttae area 

5 encompassed by the pixel gaps of the entire micro array forms a set ofjows and 

6 columns with a width equal to the pixel gap IW. Tins area is used to locate The acuvc 

7 electrical components and the fctercoar^ system req^ 

8 liquid crystal micro array. The imercoiiiie^ 

9 traces which are extended towards the periphery of me micro array and are shown m 

10 several of the figures herein as the conducive trace extensions 139 (sec Fig. 1). These 

11 traces provide the electrical connections between the pixel electrodes 104 and the 

12 control circuitry. 

U The above configuration is similar to that found in some active matrix liquid 

15 crystal displays. However, it differs with regards to the pixel size, the pixel gap and 

16 other features applicable to the various embodiments of the present invention. 

17 

18 Fig. 4 is a representational partial top plan view illustrating the configuration of 

19 the active liquid crystal micro array shown in Fig. 1. In the preferred embodiments of 

20 the present invention, the active electrical components are MOS thin film transistors 

21 made of polycrystalline silicon, commonly known as polysilicon. However, other 

22 semiconductor materials and device structures could be used in different embodiments. 
23 

24 As shown in this figure, the polysilicon is patterned in rectangular islands 110 

25 laying along the columns of pixel gaps 106. As an alternative, the polysilicon could be 

26 patterned in long strips covering the entire length of the columns of pixel gaps 106. 

27 The MOS transistors are configured with the control gate area 111 of each transistor in 

28 line with a row of pixel gaps 106. This configuration offers a simple layout where the 

29 gate control lines 114 are straight metal traces patterned over the rows of pixel gaps 

30 106, thus creating a common gate electrode for all the MOS transistors in a row . The 

31 other two electrodes of the MOS transistor, known as the source and the drain, arc 

32 patterned as a source contact 1H and a drain contact 113 to the polysiUcon material 

33 These electrodes are located on opposite ends of the rectangular polysilicon island 110. 

, -j: . -WtrrvU 104 
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1 and the drain contact is cc in a metal trace forming a data line 115 patterned 

2 over the column of pixel gap:: which the transistor is located 
3 

4 Fig. 5 is a representational partial cross section taken along the line 5-5 m Fig. 4 

5 illustrating the configuration of one of the transistor switches used in the active liquid 

6 crystal micro array. The cross section shows the structure of the MOS transistor with 

7 the source 118 and the drain 117 formed in the polysilicon island 110. The pixel tab 

8 116 is patterned over the source contact 112 and the data line 115 is connected to the 

9 drain contact 113. The gate structure is formed by the oxide 119, which is thermally 

10 grown over the polysilicon island 110. The cross section also shows that the data line 

11 115 which runs over the polysilicon islands along the columns of pixel gaps is 

12 electrically isolated from the underlying structures by the dielectric 120. 
13 

14 Fig. 6 is a pictorial representation of the active matrix interconnection system 

15 comprising the control lines 114, the data lines 115, the transistor switches 121 and the 

16 pixel electrodes 104. It further illustrates, in schematic form, the configuration of the 

17 interconnection system through which control voltages are applied to the pixel 

18 electrodes. As shown, the pixel tab 116 of each pixel electrode 104 is connected to a 

19 data line 115 via a simulated transistor switch 12L The trace on a specific row is 

20 connected to the control gates of all the transistor switches 121 on that row. and 

21 becomes a gate control line 114. The trace on a specific column is connected to the 

22 other electrode of all the transistor switches 121 on that column and becomes a data 

23 line 115. Also shown are the pixel gaps 106. 
24 

25 Fig. 7 is a representational partial plan view depicting the common electrode 105, 

26 the pixel electrodes 104, the gate control lines 114 and the data lines 115 which are 

27 shown -with an mterdigitated layout. As shown in this figure, the configuration 

28 described above offers a simple layout where the gate control lines 114 and the data 

29 lines 115 are straight metal traces patterned over the rows and columns of pixel gaps. 

30 Both of these sets of traces are extended beyond the edge of the micro array of pixels 

31 to an area where it is practical and feasible to create electrical connections to the drive 

32 rircmrry winch controls the ekctranic state of each pixeL In this figure, the data lines 

33 115 are depicted with interdigitated extensions, whereas the gate control lines 114 are 

34 depicted with non interdigitaajd extensions. The common electrode 105, deposited on 
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. . w m this figure, is connected to a 

the secondary substrate and shown on a hagh* pbne^ ^ ^ clcctrodc 

105 . In mm, this penmen ^ figurc , in a lower plane, are the 

substrate interconnection system. Also shown in tms 

pixel electrodes 104. 

„ r_ t u e common electrode 105 

-^.T iT^nS ST-- « - - « 

this electrode and (2) tne aoumu , 105 and the perimeter 

, , . . v ^ figure shows the common electrode 105 ana in y 
digital color imaging, this ngure ~ 

trace 122 described above. 

• - o c*r of orthogonal metal traces 123 
, me Srs. 1— -T^— *i lZlo< pixel gaps on *. 

, posited over those areas which ma«h *. rows «nfl ^ 
s „ substrate. These onhogona! metal ^es dm* *»™^ ^ , result , 
5 ptal areas 124 which m*ch the Pixel J— y recced 
; *, effecdve sheet resisrance of the common elecrode 105 w* ^ 
, causing the micro array to respond faster ,o the control srgnals winch 
9 state of each pixel- 

; «. firs, altemanve configuration can he further ^^j^ 

\ edge ^ - - P*, . ^ve — ~ ^ 

3 surface of the primary substrate may cause a mu T fe 01 

•5 the exposure system and, therefore, win not imp 

„ device. Hov^-forspeciaiap^a^^^^jX 

„ edge definition of each pi«L Tms may be acmeved ****** ^ , 

28 onhogonal me* traces sUghuyla^ 

29 chrome, which offers excellent edge detuinon. to genera* the c^gor*! me 

32 green (G) and blue (B) color filters over the pixel areas 124, as sn 

33 plications of the present invention requrrmg color unagmg. 
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1 Fig. 9 is a representational partial cross section taken along the line 9*9 in Fig. 8 

2 to farther illustrate the orthogonal metal traces 123. As shown, the conductive film 

3 which farms the common electrode 105 is deposited over the secondary substrate 103 

4 and the orthogonal metal traces 123 are then deposited on the lower surface of the 

5 common electrode 105. The space between the metal traces 123 comprises the pixel 

6 areas 124 described above. Since the sheet resistivity of these metal traces is orders of 

7 jp ^frnitriAt* lower t h?" fh flf of die conductive fihn which forms the common electrode 

8 105, die effective sheet resistance of die common electrode 105 is substantially reduced 

9 by die «d<ffiton of these orthogonal metal traces 123. 
10 

11 Analysis of the technological problems associated with the implementation of the 

12 present invention. 



13 

14 In order to produce an image of acceptable quality on the target surface, any 

15 embodiment of the present invention must satisfy two fundamental conditions: 
16 

17 (1) The pixel size in the micro array must be such that the resulting size of the 

18 pixel image on the target surface is compatible with the applicable pattern 

19 generation design rules. More specifically, the size of the pixel image on the 

20 target surface must be such that the minimum feature size dictated by the 

21 applicable pattern generation design rules will be equal to or will be a 

22 multiple of the size of the pixel image on the target surface. 
23 

24 (2) The width of the pixel gap in the micro array must be less than the minimum 

25 size which can be resolved by the image transfer optics of the 

26 photolithographic exposure system. This condition will insure that the 

27 ~ patterns imaged on die target surface are free of gaps between adjacent pixels. 
28 

29 Compliance with these two conditions is a fundamental requirement for the proper 

30 operation of the present invention. Therefore, die pixel size and the width of the pixel 

31 gap, in any embodiment of the present invention,' most be tailored to comply with the 



32 requirements dictated by the exposure system to be used and the minimnm feature size 

33 to be produced 
34 
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Pi.ds » the micro array may have a variety of different shapes such u circular, 
rectangular, etc, and may be orgarted in a ^ rf data «*■«««. 
^ array, a poiar array or other suiab, conSgurauo. However 

^ ^.emenrarions of *e present invention wiU ose a recangu* arny of 

^^eomparible .with the eiemenral «U of typical computer atded desrgn 

6 (CAD) systems. 

7 Tne second, third and four* embodiments of the present invention pertain to 
appHcations requiring very high density micro arrays, where me number of pixels in the 
Ire array may range from 100 million to over one billion. Such types of 
applications will be found in the semiconductor industry as shown in the example 
Jlh illustrate the uses of the various embodiments described. When the number of 
pixels reaches the above values, the defect limited yields and the connectivity must be 
proocrly analyzed in order to establish the requirements for the practical and economical 
p^ucibility of such embodiments. Tne example which follows wUl clearly ~ 
Lse problems and will explain the solutions offered by the second, thud and fourth 

17 embodiments of the present invention to address such problems. 
18 

19 Consider a micro array with the following characteristics: 



8 

9 
10 
11 
12 
13 
14 
15 
16 



20 
21 
22 
23 



26 
27 
28 
29 
30 
31 



* Array configuration: 15,000 by 15,000 pixels 

* Pixel size: 4 ™ crons bv 4 micr ° nS 
♦Pixel gap: 1 rmcron 



24 * Interconnect trace width: 1 micron 

25 * Effective gate area: 1 micron square 



Such ntoo Bray would comprise a total of 225 million pixels a* encompass an 
«, apporimarfy 7.5 by 7.5 centimeters square. The .oral equivalent are. ocean** 
by all the gates in the micro array would correspond to approximately 2J5 square 
cennmcm and the total equivalent area occupied by all the interconnect traces wrta 
to s y Scm , including me conductive nee extensions, would correspond tc 

32 approximately 223 square centimeters. 

33 ., 
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1 be achieved. On the basis of this defect density, the first embodiment of the present 

2 invention would have a high probability of exhibiting at least one defect in the control 

3 gate of one of the transistor switches, and at least eleven defects in the interconnect 

4 system metal traces. Since these utoaM i nmahlr , masking devices must be defect free, 

5 the first rmlwrimiKnT, described above, are not recommended for applications requiring 

6 very high density micro arrays. 
7 

8 Connectivity also presents a technological difficulty. In the example above, the 

9 micro array would have two orthogonal sets of metal traces. Each set would comprise 

10 15,000 traces, one micron wide, with four micron spaces between two adjacent traces. 

11 The connection of these traces to the drive circuitry via any type of cabling system 

12 would be clearly impractical if not impossible to implement, makin g the tint 

13 embodiment of the present invention, described above, undoable for this type of 

14 application. 

16 The basic problems, presented above, ars successfully addressed by the second, 

17 third and fourth embodiments of the present invention described below. 
18 

19 The second embodiment 
20 

21 The second embodiment of the present invention is described with reference to 

22 figures 10, 11 and 12. This embodiment is configured with double transistor switches 

23 to address the gate area integrity problem discussed above. 
24 

25 Fig. 10 is a representational partial top plan view similar to that shown in Fig. 4 

26 with the exception of the transistor switches which are configured with redundant gate 

27 and drain terminals. Like Fig. 4, mis figure shows the pixel electrodes 104 connected 

28 to the source contact 112 of the transistor switch, via the pixel tab 116. However, the 

29 transistor switches in t*" g second embodiment are configured with two control gates and 

30 two drain contacts shown in this figure as die primary control gate 125, the primary 

31 drain contact 126, the secondary control gate 127 and the secondary drain contact 128. 

32 As explained in further detail below, these secondary electrodes are used to replace the 

33 primary electrodes when the presence of a defect in the primary control gate causes the 

tra»ei«mr ~»«t~U ♦« Tin ~- -« J ' 
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a ^nrml am 127 is connected to Ac gate control line 114 by a 

gate 125, the secondary control gate iz/ is » ttt ^ , 

^Jnn shown as the secondary control ga* connection 129. The procedure 
memmum P"™ . . 4n d-taii under the special test and 

for applying this metalization patch is described in detail unu« 
tor appiymB are the data lines 

repair procedure at the end of this secuon. Also shown hi gj 
115, the pixel gaps 106 and the polysihcon islands 210. all 

6 explained with reference to Fig. 4. 

7 Rg. U is « represemational partial cross section tato along the line 11-11 in 
^ 10 showing . redundant field effect uWor swtxh with one souk* two ^ 
anttwo drains Tne cross section shows the suucmre of the redundant MOS ™» 

polytilicon island 210. lAe in F,g. 4. the pixel tab 116 is patterned over *. 
comact 112. However the data line U5 is shown connected to the secondary tan 
contact 128 rather than the primary drain contact 126. This figure is intended to 
Ulustrate the secondary control ga« connection 129 connecting the secondary ^00*0 
gate 127 «, the gate connol line 114. When the primary control gae 125 .s found to 
be defective, tins alternate connection is made in its place. The cross secnon aho 
,1 shows the thermal oxide 119 and the dielectric 120 which have prevtously desenbed 
19 with reference to Fig. 4. 
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Fig 12 is a representational partial top plan view Castrating a temporary 
interconnection system used for testing the integrity of the transistor switches associated 
with each of the pixels in the micro array. Each polysflicon island 210 has one sour* 
contact 112. a primary control gate 125. a primary drain contact 126. a secondly 
control gate 127 and a secondary drain contact 128. The temporary mtemonnection 
system comprises a set of temporary source test lines 132 and a set of ternporary dram 
K lines 133. Each temporary source test line 132 is connected to the source contact 
112 of each of the transistor switches adjacent to that line and each temporary drain 
test line 133 is connected to the primary drain contact 126 of each of the transistor 
switches adjacent to that line, like for normal operation, each gate control line 114* 
connect to the primary control gate 125 of each transistor in the row -oo-dwuh 
that gate control line. With this temporary interconnection system every tran** 
^ m the micro array can be individually tested for Wonal integrity. The 
. .... ,^ .u. a— *~in mnturts Itt are not connected 
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1 during this test procedure. All gate control lines 114, temporary source test lines 132 

2 and temporary drain test lines 133 are tcrminatrri on probing pads providing electrical 

3 a cce ss to these interconnections. 
4 

5 if a primary control gate is found to be defective, as determined by test 

6 procedures such as those outlined at the end of this section, alternate connections are 

7 in plarr of their primary counterparts. The secondary control gate 127 is 

8 connected to the gate control line 114 via the alternate gate connection 227 and the 

9 secondary drain contact 128 is connected to the temporary drain test line 133 via the 

10 alternate drain connection 228. Fig. 12 also depicts the defective gate area 225 and the 

11 primary drain link 226 explained with reference to an alternate interconnection 

12 procedure used to modify these metal interconnections which is outlined at the end of 

13 this section . This procedure is an integral part of the technology required for the 

14 production of the various embodiments of the present invention. 
15 

16 The third embodiment 
17 

18 The third embodiment of the present invention is described with reference to 

19 figures 13A and 13B. This embodiment is identical to either of the previously 

20 described embodiments except that it is configured with two layers of metal traces 

21 directly applied over each other as a means of circumventing the metal trace 

22 discontinuities generated by photolithographic defects. 
23 

24 Fig. 13A is a representational partial cross section iUustrating a defect on the first 

25 layer metal of a redundant double layer metal interconnecting system. It depicts the 

26 second layer metal 135 directly superimposed over the first layer metal 134 and a 

27 typical defect on the first layer metal 136. 

28 - 

29 Fig. 13B is a representational partial cross section Illustrating a defect on the 

30 second layer metal of a redundant double layer metal interconnecting system. It also 

31 depicts the s mrpri layer metal 135 directly superunposed over the first layer metal 134 

32 and a typical defect on the second layer metal 135. 
33 

34 These two layers of metal are independendy patterned in order to statistically 
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insure that defects on one layer do not coincide with defects on the other layer. 
Electrical contiranry of the control lir^ and tte data lines is therefc^ assurrd and ^ 
3 integrity of the interconnection system is properly safeguarded. 



1 
2 



An alternative to this dual layer metal interconnect system is a single layer metal 
interconnect system used in conjunction with the pattern repair technology outlined 
, under the section describing the objects and advantages of me present invenuon. This 

8 technology can be used to repair the r/picd defects whkh womd no^^ 

9 panerning of the metal interconnection system. Missing metal may be repaired by 
selectively depositing a bridging metal trace over each metal discontinuity. Excess 



10 



11 metal may be removed by selectively removing the excess metal. 
12 

13 The fourth embodiment 

\l The fourth embodiment of the present invention is described with reference to 

16 figures 2. 14A and 14B. This embodiment is configured with a double layer 

17 metalizarion system on the periphery of the micro array. This peripheral metaluauon 

18 system provides the space and the interconnections necessary to incorporate the drive 

19 and interface circuitry on the surface of the primary substrate. At the same time, the 

20 control lines and the data lines are extended beyond the periphery of the micro array to 

21 the outer edge of the peripheral metalization system and become an integral pan of this 

22 system. The configuration of this fourth embodiment, incorporating the drive and 

23 interface circuitry as integral parts of the programmable masking device, circumvents 

24 the connectivity problems presented above by ehrninating the need for any type of 

25 cabling connections between the micro array and the drive circuitry. 

26 .. . - 

27 As previously indicated. Fig. 2 is a representational partial cross section talcen 

28 along line 2-2 in Fig. 1 depicting a portion of the active liquid crystal micro array and 

29 the peripheral circuitry associated with it The structural elements of the active liquid 

30 crystal micro array have already been described with reference to the first embodiment 

31 of the present invention and need not be repeated. The strucmral elements of the 

32 peripheral interconnect system are associated with the fourth embodiment of the present 

33 invention and are described in this section. The right side of Fig. 2 shows the 
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1 metalization traces 142, are isolated from the conductive trace extensions 139. by a 

2 dielectric isolation layer 141. The intennctallization connection 140 establishes the 

3 electrical connection between the conductive trace extensions 139 and the second 

4 metalization 142. Also shown are the integrated dicnits in die form 143 connected to 

5 the second metalization 142. 
6 

7 Fig. 14A is a representational partial top plan view illustrating the layout principle 

8 for the dual layer interconnecting system used in mis fourth embodiment of the present 

9 invention. It depicts the conductive trace extensions 139, the second metalization traces 

10 142, the intermetallization connections 140 and the circuit connecting pads 144. The 

11 first set of pads labeled A 145 is connected, via the second metalization traces 142 and 

12 the intermetalization connection 140, to the first group of traces 146 of the conductive 

13 trace extensions 139. The second set of pads labeled B 147 is connected, via the 

14 second metalization traces 142 and the intermetalization connection 140, to the second 

15 group of traces 148 of the conductive trace extensions 139. This configuration is 

16 continued with additional groups of traces connected to additional sets of pads located 

17 in the area extending towards the periphery of the primary substrate. This layout 

18 overcomes potential spacial constraints and provides the necessary space for all of the 

19 conductive trace extensions 139 to be connected to the appropriate circuit connecting 

20 pads 144. These circuit connecting pads 144 are used to accept the connection to the 

21 integrated circuits in die form as shown in Fig. 2. Such pads may also be used as 

22 probing pads to test the integrity of the transistor switches in the micro array in 

23 accordance with the special test procedures outlined below. 
24 

25 Fig. 14B shows a variation of this embodiment configured with a three layer 

26 metalization system, where the first layer is formed by the conductive trace extensions 

27 139, the second layer is formed by the second metalization traces 142 and the third 

28 layer comprises the circuit connecting pads 144. "With this configuration, the metal 

29 traces on the second layer lie on a plane which is separated by a layer of dielectric 

30 from the plane containing the circuit connecting pads. The addition of the third 

31 metalization layer, as shown in Fig. 14B, removes' the constraint that the traces of the 

32 second metalization must be placed around the area co v e re d by the circuit connecting 

33 pads. Such traces can now be routed in the areas beneath the circuit connecting pads, 

34 thus nrovidine unmo ved utilization of rim «n»cp. available for inttwrnnnecrions and 
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33 



area 244 and a probing area w as musuo* 
„» than 256 rrdffion pixels which will require a higher pacxang oensry 



1 
2 
3 
4 
5 

6 and interface eiiuiirry. 
7 

8 Connectivity to an external computer system 



H. operation of the active manic micro array, which is the object of the present 
invention, rfTupoti the capability of establishing the required electrical connect 
between the conductive trace extensions and the drive circuitry and further between the 
drive circuitry and an external computer system. When the number of conducive uace 
14 extensions does no. exceed 1000, direct ribbon cable connections, simfcru- tt*«d 
in liquid crystal displays can be successfully implemented m manufacr^g. Howev* 
when the number of conductive trace elusions substantially exceeds 1000. such 
connections would be very difficult if not impossible to successfully implement 

For those applications of the present invention requiring that many conductive 
trace exKurions. the four* embodiment of the present invention, described above, 
provides a viable solution since it eliminates the requirement for such connections. 

Still to be addressed, is the problem of connectivity between the drive circuitry 
and an external computer system to be used in conjunction with the present invent*. 
This problem is less severe than the connectivity between the conductive tiace 
and the drive circuitry since, in this case, the total number of interconnecung 
lines would not exceed 256 under the worse possible circumstances. A conneetio. , wtth 
to umited number of lines can easily be implemented, as shown in F.g. 1. wtth the 
ribbon cable connection 149. As a. alterative, a contactiess da* ~ano"- 

„ co^^v^y^"^^ ****** cmbeW *' s 

31 Fig. 1. and described in detail with reference to figures 15 and 16. 

Fig 15 is a representational partial top plan view fltanttag a contactles 
,™r «*« comnririne a set of coffimated infrared trar*rm«ters and recetver* 
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1 Interconnect traces 153 patterned over the primary substrate 102, establish the electrical 

2 connection between the interface circuitry and dual sets of infrared transmitters ISO and 

3 infrared receivers 1SL On the connector body 152 which is physically separated from 

4 the primary substrate 102 t there are marching sets of infrared transmitters 150 and 

5 infrared receivers 151 together with their respective interconnect traces 153. ^ 
6 

7 Fig. 16 is a representational partial cross section taken along the line 16*16 in 

8 Fig. 15 showing the configuration of the ccntactless connector system illustrated in Fig. 

9 15. It shows the primary substrate 102 physically separated from the connector body 
10 152, and shows their respective infrared transmitters 150 and infrared receivers 151. 

11 

12 When the programmable masking device is installed in an exposure system, the 

13 infrared transmitters and receivers will be aligned with a matching set of receivers and 

14 transmitters mounted in the exposure system. With this configuration, there is no 

15 physical contact between the two sets of transmitters and receivers and, as a result, the 

16 programmable masking device is provided with a stress free data communications 

17 infrared link- This feature will be significant in applications, such as semiconductor 

18 microlirhography, where the alignment of the programmable masking device must be 

19 held within a fraction of a micron. 
20 

21 The fifth embodiment 

22 

23 The fifth embodiment of the present invention is described with reference to 

24 figure 17. This embodiment is substantially the same as the fourth embodiment 

25 described above with the addition of special circuitry to individually control the voltage 

26 level applied to each of the pixels in the micro array as means of modulating the 

27 relative .transparency of each pixeL 
28 

29 Fig. 17 is a simplified schematic diagram illustrating one of the preferred circuits 

30 used to control the voltage applied to each pixel as means of modulating its 

31 transparency. It shows a group of N data lines 115 connected to the outputs of a 1 to 

32 N analog switch 158. The input of the analog switch 158 is connected to the output of 

33 a digital-to-analog (DAQ converter 157 which generates the desired analog voltage to 

oa u- t:-J - :r= _ _ .i £ i j *. •« * 
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i« The DATA IN ports of this memory 156 axe connected to a data bus 
annorylSfi. Hie DATA UN pons . m . which controls the 

a ni a :tt£t: tzz - — — 

^8. md-ofWii^^— « rfN ^ ta ™ 

6 Zasnece*arytocove^ 

7 !S4 and address bus 155 provide the reqm red data and ado^ss mf™n to aU of 

8 these circuits in accordance with the configuration shown in Fig. 17. 

Considerations related to special applications of the present invention. 

One of the most significant applications of the present invention will be as a 
programmable masking device for the ul*aviolet exposure systems used » 
^conductor microHthography. For this specific type of application, any embodiment 
of the present invention must further comply with the following constraint: 

The liquid crystal material, the two substrates and the conductive coatings must 
offer a combined level of transparency to ultraviolet light compatible with the 
requirements of the specific exposure system to be used in the photolithograpnic 
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20 processes 
21 



For the longer wave lengths, in the 340 to 470 nanometer range, such substra*s 
can be made of high quality glass of the type used for semiconductor photoUthograpby 
masks. For the shorter wave lengths, in the 240 to 350 nanometer range, such 
substrates need to be made of quartz because glass exhibits excessive ultraviolet light 



22 
23 
24 
25 

26 absorption in this region of the spectrum. 
27 
28 



The referenced conductive coatings on the substrates must be sufficiently thin in 

29 order to comply with the transparency requirements outlined above. Tta nnmmum 

30 conductive coating film thickness allowable in such coatings is detained J* 

31 nmimum allowable sheet »^ .1 * — * ^ 

32 surface area. The mathematical relationship between these parameters as such that, to 

I ^0^0, the ratio between ^^^^^^111 
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1 equivalent of a pixel element. Since the typical pixel surface area to be used in mos 

2 applications of the present invention wfll be only 10 to 500 square microns, tht 

3 conductive coating film thickness used for such applications can be adjusted to compl; 

4 with the requirements far transparency to ultra violet light 
5 

6 Special procedures 

7 

g The two special procedures described in this section, a test procedure and a; 

9 alternate interconnection procedure, are associated with the second, third and fourtl 

10 embodiments of the present invention and are specifically recommended for very higl 

11 density micro arrays. 
12 

13 The test and repair procedure provides means for testing the integrity of ever 

14 transistor switch in the micro array. It consists of the sequence of steps which ar. 

15 outlined below with reference to the figures indicated in parenthesis: 
16 

17 (a) refining on the polysilicon islands 210 (Fig. 12) the double polysilico: 

18 transistor switches as described in the second embodiment of the preser 

19 invention; 
20 

21 (b) Defining the first layer metalization, comprising the following: 

22 1. The gate control lines 114 (Fig. 12) within the micro array area; 

23 2. The conductive trace extensions 139 (Fig. 2) of the gate control lines 11 

24 (Fig. 10) within the peripheral metal interconnect system 138 (Fig. 1); 

25 3. The conductive trace extensions 139 (Fig. 2) of the data lines 115 (Fi; 

26 10) within the peripheral metal interconnection system 138 (Fig. 1); 

27 4. The gate area of the secondary control gates 127 (Fig. 10); 
28 

29 (c) Depositing and patterning a dielectric isolation layer covering eritirely the ga 

30 control lines 114 (Fig. 1) and the peripheral metal interconnect system 15 

31 (Fig. i). Such patterning must mcW* contact ope ning s to the secoi 

32 metalization traces 142 (Fig. 2) in the peripheral metal interconnect syste 

33 138 (FigJ); 
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(d) Defining the second layer n*tauzation, comprising me foUowing: 

X Two inte^gitated sets of temporary test lines placed over the areas 

i - ~e Tti-r^k The first set, comprises the 
corresponding to columns of pixels. me r 

v t-w ma \1\ Each of these test lines is 
temporary source test hues 132 (Fig. 

y nriff 12) of all the transistor 

connected to the source contacts 112 (Fig. w ™ 

. . r • _i_ nVEr which that test line is 

switches adjacent to the column of pixels over wnicn 

placed. The second set, comprises the temporary dram test hues 133 
(Tig 12) Each of these test tines is connected to the primary drain 
contacts 126 (Fig. 12) of all the transistor switches adjacent to the 
column of pixels over which that test line is placed. In addition, these 
two sets of test lines will connect to the conductive trace extensions 139 
(Fig. 1) of the data lines 115 (Tig. 10) defined during the first layer 
metalization as described in sections (b) 2. and (b) 3. above; 

14 2 The second totalization of the peripheral metal interconnect system 

15 " comprising the intermetalization connections 140 (Fig. 14A). the second 

16 metalization traces 142 (Fig. 14A) and, if the intended configuration only 

17 comprises two metal layers, the circuit connecting pads 144 (Fig. MA) 
lg which will be used as probing pads; 

e) This step, applicable only if the intended configuration comprises three metal 
' layers, consists of depositing and patterning a dielectric isolation layer 
covering entirely the peripheral metal interconnect system 138 (Fig. 1) and 
including contact openings to me third metaliration layer. 
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21 
22 
23 

X (f) This step, applicable only if the intended configuration comprises three metal 

26 layers, consists of defining the third layer metaliration compnsmg the 

27 - intermetalizarion connections 140 (Fig. 14B) and the circuit connecting pads 

28 144 (Fig- MB) which may incorporate the probing areas 344 (Fig. 14B); 

30 (g) Testing every transistor switch in the micro array by probing the appropriate 

31 pads; 



32 
33 

O 4 



(h) Removing the primary gate connection to the gate control line 114 (Fig. 12 
„ A Hr,in contortion to the drain test line 133 (Fie 12) of an 
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1 transistor switches found to be defective and replacing the same by alternative 

2 effp^on. to the redundant counterparts of such defective transistor switches. 

3 This is done by means of the alternate interconnection procedure defined 

4 below; 
5 

6 © Repeating the applicable pardons of die above test procedure to verify that all 

7 replacement transistor switches are functional; 
8 

9 Q) Removing the temporary source test lines 132 (Fig. 12), the temporary drain 

10 test lines 133 (Fig. 12), the alternate gate connections 227 (Fig. 12) and the 

H alternate drain connections 228 (Fig. 12); 

12 

13 (k) Defining the pixel electrodes 104 (Fig. 10) with the pixel tabs 116 (Fig. 10) 

14 connected to the source contacts 112 (Fig. 10) of the matching transistor 

15 switches; 
16 

17 . ' (1) Depositing a layer of dielectric over the columns of pixel gaps 106 (Fig. 12) 

18 containing the transistor switches and patterning this dielectric, where 

19 applicable due to failure of the primary transistor, with openings to the first 

20 metal previously deposited over the gate area of the secondary control .gates 

21 127 (Fig. 12); 
22 

23 (m) Defining the secondary control gate connections 129 (Fig. 10) when 

24 applicable due to failure of the primary transistor switch; 
25 

26 (n) Depositing dielectric over the secondary control gate connections 129 (Fig 

27 _ 10); 

28 ' - . 

29 (o) Defining the appropriate contact openings to die primary drain contact 12< 

30 (Fig. 10) or to the secondary drain contact 128 (Fig. 10), as may b< 

31 applicable. 
32 

33 (p) Defining data lines 115 (Fig. 10) over the columns of pixel gaps 106 (Fij 

34 10) containing the transistor switches. These lines connect either the primar 
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, drain contact 126 (Fig. 10) or the secondary drain contact 128 (Fig. 10), as 

, may be apptable. of each transistor swtah in that column of pixel gaps 106 

3 (Rg. 10) to a matching conductive nee extension 139 (Fig. 1) in the 

4 peripheral interconnect system 138 (Fig. 1); 
5 

6 (q) Die attaching and testing the peripheral circuitry. 
7 

8 (r) Replacing peripheral circuits found to be defective. 

10 (s) Connecting the peripheral circuits to the peripheral interconnect system. 
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The alternate interconnection procedure provides means for replacing every 
defective transistor switch in the micro array by an alternate transistor switch which is 
to operate in its place. It consists of the following sequence of steps applicable to each 

15 defective transistor switch: 

16 (a) Locally removing by a selective photolithographic process the dielectric 
isolation and the metal over the defective gate area 225 (Fig. 12). which is 
the area where the gate control line 114 (Fig. 12) lies over the primary 
control gate 125 (Tig. 12) of the primary transistor switch; 



17 
18 
19 
20 
21 
22 
23 
24 



(b) Locally removing by a selective photoUthographic process the primary drain 
link 226 (Fig. 12) which is the connection between the drain test line 133 
(Fig. 12) and the primary drain contact 126 (Fig. 12) of the defective 
25 transistor switch; 

27 (c) Selectively depositing dielectric over the defective gate area 225 (Fig. 12) of 

2g the defective primary transistor switch; 

29 

30 (d) Defining appropriate contact openings to the gate control line, on both sides 

31 of the defective gate area 225 (Fig. 12); 
32 

33 (e) Defining the following alternate metal connections: 
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control line 114 (Tig. 12) to the secondary gate 127 (Fig. 12) of the 
defective transistor switch and bridges the gap generated on the gate 
control line 114 (Fig. 12) by step (a) above; 
2. The alternate drain connection 228 (Fig. 12), which connects the 
temporary drain test line 133 (Tig. 12) to the secondary drain contact 128 
(Fig. 12) of the defective transistor switch. 
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1 OPERATION OF THE INVENTION 



3 The operation of the programmable masking device which is the object of the 

4 present invention is described first with reference to Fig. 18 which illustrates the use of 

5 this device in direct imaging photolithographic applications. Next, the operation of the 

6 various einbodimexus of this device, is described with reference to Figs. 19, 20. 21 and 

7 22 which illustrate the use of such embodiments in projection systems for visual 

8 display, three dimensional imaging, holographic imaging and printing systems, 

9 respectively. 
10 

11 Fig. 18 is a pictorial representation of a photolithographic exposure apparatus 

12 illustrating the use of the programmable masking device, which is the object of the 

13 present invention, to generate images on a photosensitive target surface direcdy from 

14 data provided by a computer system, a technology presently described as direct 

15 imaging. This programmable masking device, built entirely of solid state elements, 

16 operates in conjunction with exposure systems in a manner similar to conventional non 

17 programmable masking devices. The apparatus of Fig. 18 comprises a light source 159 

18 within a light housing 160 which is equipped with a light shutter 161. The light 

19 generated by the light source 159 is directed by the mumination optics 162 onto the 

20 surface of a programmable masking device 164 where it provides uniform mumination 

21 163. A computer system 165 provides the partem generation data necessary to generate 

22 the desired transparent images on the micro array of the programmable masking device 

23 164. These images are men transferred by means of the exposure optics 166 onto the 

24 photosensitive target surface 167. .Under normal operating conditions, the computer 

25 system 165 can download to the programmable masking device 164 the desired 

26 patterning data while the photosensitive target surface 167 is being alig ned to the 

27 exposure optics. Upon completion of the alignment, the shutter 161 is momentarily 

28 opened for a preset exposure time. This cycle is then repeated with the next 

29 photosensitive target surface or the next site on the same photosensitive target surface. 

30 In most photolithographic applications, typical exposure systems designed to 

31 operate with conventional masking devices, mast be rnodified to a(xanmodare the 

32 larger size of the programmable masking device which is the object of this invention. 

33 However, once installed, this programmable masking device needs only to be removed 
,„ wnnn Twwirs and maintenance or to install another rrogrammable masking device 
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1 with different characteristics. 
2 

3 Other than installation, repair and maintenance, human intervention is not needed 

4 Under nre r™* operating conditions, a computer system will be required for the use o 

5 this programmable masking device. The computer system will fully support and contru 

6 such programmable masking device by downloading the required pattern generation dan 

7 to the micro array memory. When appropriate , this computer will also provide control 

8 to refresh and modify the patterns generated. 
9 

10 Some of the most significant photolithographic applications for thest 

11 programmable masking devices will be found in the semiconductor industry where suci 

12 devices will introduce manufacturing flexibility, improve yields, reduce cycle times anc 

13 reduce manufacturing costs. 
14 

15 • More specifically, these devices will provide means for repairing patterning 

16 defects on wafers* programming or altering the functionality of integrated circuits, cos: 

17 effectively producing custom integrated circuits and generating complete systems on : 

18 single wafer. 
19 

20 When the exposure apparatus is a wafer stepper, the computer system controlling 

21 the programmable masking device should be interfaced to such wafer stepper tc 

22 synchronize the pattern generation with the mechanical stepping motion of the stepper. 
23 

24 Other very important applications of the present invention will be found in the 

25 cost effective manufacture of micro integrated systems comprising integrated circuits, ii 

26 the die form, interconnected on a micro substrate. Such micro substrate will be 

27 produced by a technology similar to that used for the generation of the periphera 

28 interconnect system of the programmable masking devices which are the subject of tht 

29 present invention. 
30 

31 The manufacture of the programmable masking devices provides another imponan 

32 application for their use. As outlined in the section covering the description of tht 

33 present invention, the fabrication of th rsg programmable masking devices requires th 

34 use of uiugraui f n ahlft nhotofithoeranhv for i nf or mi ng renaxrs and tnaHm* al tern at 
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intcrconncctions. Such programmable photoHthography can be implemented with the 
use of another programmable masking device specifically configured for such 

3 application. 

4 Fig 19 illustrates the operation of the present tendon in a visual display 
projection system. Such system comprises a light source 159 wirhin a light housmg 
160 The light generated by the light source 159 is directed by the ffluminadon opacs 
162 onto me surface of the programmable masking device 164 where it provtdes 
uniforn, murniiumon 163. A heat shield 168, is inserted in the light path to protect the 
programmable masking device 16* from the heat emitted by the light source 159. A 
video signal processing system 169 provides the digital video image generaaon dam 
necessary to generate me desired transparent images on the micro array of the 
programmable masking device 164. Tuese images are then transferred by means of the 
projection opdes 170 onto a visual projection screen 171. Under normal openmng 
conditions, the video signal processing system 169 continuously downloads to the 
programmable masking device 164 digital video imaging data at a rate compatible with 
video display imaging. The fifth embodiment of the present invention with the color 
imaging feamre described previously would provide the proper features for the 
implementation of projection color television and multiple page computer monitor 

20 projection display systems. 

21 . 
Fig. 20 iUustrates an application similar to that of Fig. 19 with the addition of a 

polarizer 172 for three dimensional projection viewing. All the elements described with 
reference to Fig. 19 have identical functions with reference to Fig. 20 and need not be 
repeated. The polarizer 172 is used in conjunction with polarizing glasses for three 
_ dimensional viewing. Under the control and synchronized by the video signal 

27 processing system 169, the polarizer 172 alternates the polarization of the light 

28 emerging from the programmable masking device 164 between two orthogonal planes, 

29 thus providing separate images for each one of the viewer's eyes. 

30 ■ 

31 Fig. 21 illustrates the use of mis invention in holographic imaging applications. 

32 For such applications, a laser source 173 would emit a laser beam 174 which would be 

33 dispersed by the dispersion optics 175 to provide uniform laser muminarion 176 over 
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1 holographic signal processing system 177 holographic patterns would be generated on 

2 the programmable masking device 164 which could be observed by the viewer 178. 

3 Since the patterns on the programmable masking device 164 could be continuously 

4 changed, the system described could provide means for the implementation of digitally 

5 controlled holographic television and computer monitor holographic viewing systems. 

6 Color holography could be implemented, as well, by the use of a laser source 

7 combining red, green and blue beams sequentially fired in synchronism with the 

8 viewing frames for each color generated by the holographic signal processing system 

9 177. 
10 

11 Fig. 22 illustrates still another potential application for the present invention as a 

12 printing apparatus. It presumes that the imaging data is available in digital format such 

13 as that generated directly by a computer system or otherwise generated by digitizing a 

14 real image. Such apparatus would comprise a light source 159 within a light housing 

15 160 equipped with a light shutter 161. The light generated by the light source 159 

16 would be directed by the iUuminarion optics 162 onto the surface of the programmable 

17 masking device 164 where it would provide uniform illumination 163. An image 

18 processing system 179 would provide the digitized imaging data necessary to generate 

19 the desired transparent images on the micro array of the programmable masking device 

20 164. These images would then be transferred by means of the projection optics 170 an 

21 the operation of the light shutter 161 onto a photosensitive reproducing device 180. 

22 This photosensitive reproducing device 180 would subsequently produce hard copies of 

23 the images defined on its surface. For simplicity, Fig* 22 depicts the photosensitive 

24 reproducing device 180 in a planar configuration. However, a cylindrical configuration 

25 such as the conventional drum of most modern office printing machines could also be 

26 used provided the projection optics would be equipped with a scanning device 

27 synchronized with die movement of such drum. 
28 

29 CONCLUSIONS, RAMIFICATIONS AND SCOPE 
30 

31 Accordingly, die electronically programmable masking device* which is the subject 

32 of the present invention, introduces a new level of flexibility in the industrial use of 

33 photolithography by providing die capability for translating computer aided design 

34 (CAD) data, direcdy into images produced on a photosensitive target surface. At the 
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12 
13 
14 



. • • of hiefa definition projection color 
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1 

2 
3 
4 
5 
6 

7 industry in than 
8 
9 
10 



u circuits produced in high volume; 



* ir will permit the cost effective development of wafer scale integration a 
Kchnology whereby complete electronic systems, such as computers, can be 

15 built on a single wafer, 

" . it wfli provide the means to subaanually increase semiconductor 

18 manufactnring yields by offering a technology for panem repair, and 

» • it will provide means to substantial* reduce product development and 

2i manufacturing cycle rimes. 



WhUe the descriptions herein comain many specificities, these should notbe 
construed as limiting the scope of the present invention but as merely provnhng 
Ulusurfons of some of the most relevant embodiments of the present mvennon. 

For example, mis electronically programmble masking device 
me primed circuit board industry to perform direct imaging from primed crcuit layout 



22 
23 
24 
25 
26 
27 
28 

29 data provided by computer systems. 
30 
31 



32 



Accordingly, the scope of me present invention should be detenmned not by the 
embodiments illustrated, but by the appended claims and to legal eqmva^ 
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CLAIMS 

11. In an imaging system including a source of fflnnriiiarion, fflurnination optics, a 

2 masking device, and projection optics for directing light passing through said masking 

3 device onro a target surface, an improved masking device comprising: 

4 . means forming a liquid crystal micro array including a plurality of contiguous 

5 discreet programmable pixels wherein each of said pixels functions as a light valve for 

6 the light dire c te d onto said target surface; and 

7 means responsive to externally generated input control signals for individually 

8 controlling in real time the optical light valve state of each of said pixels. 

1 2. An improved masking device as recited in claim 1 wherein the size of the image 

2 of each of said programmable pixels on the target surface is equal to or is a sub 

3 multiple of the minimum feature size to be generated on the target surface. 

1 3. An improved masking device as recited in claim 2 wherein adjacent pixels are 

2 separated by gaps of predetermined width and wherein the width of the gap between 

3 any two adjacent pixels is less man the minimum size which can be resolved by said 

4 optics so that patterns imaged on a target surface are free of gaps between adjaceni 

5 pixels. 

1 4. An improved masking device as recited in claim 1 wherein said liquid crystal 

2 micro array is comprised of: 

3 a transparent primary substrate coated on one side with a transparent conductive 

4 film patterned to form an array of pixel electrodes and coated on a second side with a 

5 light-polarizing film; 

6 . a transparent secondary substrate coated on one side with a continuous transparent 

7 conductive fflm forming a common electrode for said array of said pixel electrodes and 

8 coated on a second side with a light-polarizing film; 

9 ttv»ti<: for precisely spacing and aligning said primary and said secondary 

10 substrates parallel to each other so that said one sides form the opposite sides of a flat 

11 sealed chamber; 

12 a liquid crystal Twnwrial disposed within said chamber; 

13 an array of transistor switches formed on the surface of said primary substrate and 
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14 configured such that each of said switches is associated with one of said pixel 

15 electrodes; 

16 a set of electronic control lines formed by conductive material deposited on the 

17 surface of said prixnary substrate; 

18 a set of electronic data lines formed by conductive material deposited on the 

19 surface of said primary substrate; 

20 means for interconnecting me control electrode of each cf said mrtfismr swuches 

21 to one of said control lines; 

22 means for mterconneemig each of said pixel electrodes to one of said data lines 

23 via an electronically switcbable connection made by one of said transistor switches; and 

24 means for coupling said input control signals to said control lines and satd da* 

25 lines. 



1 5 
2 



3 An improved masking device as recited in claim 4 wherein for the purpose of 

i. reducing the effective sheet resistivity of said common electrode, said secondary 

3 substrate further includes an opaque conductive film patterned over those areas of said 

4 secondary substrate delineated by the shadow of the space not occupied by the pixel 

5 electrodes on said primary substrate when said programmable masking device is 

6 operated under intended iUumination conditions. 

1 6 An improved masking device as recited in claim 5 wherein for the purposes of 

2 providing a precise optical definition of the edges of each of said pixels in said micro 

3 array, the transparent area of each of said pixels is optically defined by the edges of 

4 said opaque conductive film formed on said secondary substrate. 

1 7. An improved masking device as recited in claim 6 and further including a discreel 

2 color filter optically associated with each said pixel, the color of each said color filter 

3 being selected from the group consisting of red, green and blue colors, said color filters 

4 being respectively positioned relative to adjacent color filters such that a particular 

5 grouping of said color filters define a pattern which is repeated over said micro array 

6 of programmable pixels. 

1 8. An improved masking device as recited in claim 4 wherein said array of transistor 
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3 pixel electrodes, and at least one secondary transistor switch associated with each of 

4 said pixel electrodes as mr? ng of providing transistor switch redundancy, and further 

5 including ^ ng far substituting through alternative interconnections, one of said 

6 secondary transistor switches for one of said primary transistor switches. 

1 9. An improved masking device as recited in claim 4 wherein Tor each 

2 interconnection farmed via said control lines and said data lines at least one alternate 

3 interconnection is provided 

1 10. An improved masking device as recited in claim 9 wherein said alternative 

2 interconnections are created by forming said control lines and said data lines with 

3 multiple layers of conductive material directly superimposed upon each other with each 

4 layer being generated with a separate photolithographic operation as a means of 

5 statistically insuring that defects on one layer do not coincide with defects on another 

6 layer, in turn statistically insuring that said control lines and said data lines are free of 

7 undesirable discontinuities. 

1 11. An improved masking device as recited in claim 9 wherein said alternative 

2 interconnections are created by locally deposited a bridging metal trace over any 

3 discontinuity identified in said control lines and said data lines. 

1 11 An improved masking device as recited in claim 4 wherein said primary substrate 

2 is extended to include an area laying outside the periphery of said micro array; 

3 a set of drive integrated circuits disposed upon said area and providing means for 

4 controlling die optical light valve state of each of said pixels; 

5 a set of interface integrated circuits disposed upon said area and providing means 

6 for interfacing and data linking said drive integrated c uc u il s to an external computer 

7 system for electronically processing and generating the desired patterning data; 

g a multi-layer Totalization system formed upon said substrate within said area; 

9 a set of bonding pads formed upon said substrate within said area providing 

10 means far connecting said set of drive integrated circuits and said set of interface 

11 integrated c ir c ui ts to said multiple layer metalization system; 

12 means for connecting said set of control lines and said set of data lines to 

13 anDi'ouriate mints on said rnnlrrnlp. 1»v«r m^rali-m tirm «v«twr 
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14 a set of probing pads formed upon said substrate within said area providing 

15 means for connecting external test systems to appropriate test points of said multiple 

16 layer metalization system, said test points being such as to provide means for testing 

17 the integrity of the electronic system of said programmable masking device; and 

18 means for connecting said set of interface circuits to a data commnnicadons 

19 connector system incorporated in said primary substrate wherein said data 

20 cormnumcadons connector system can provide an interconnection to an external data 

21 communications link providing access to said external computer system. 



1 



13. An improved masking device as recited in claim 12 wherein said data 

2 communications connector system includes a coupling device for each data 

3 communications line and wherein the physical components of the transmitier portion 

4 and the receiver portion of said coupling device are physically isolated from each other 

5 so as to insure that no mechanical strain is applied to said programmable masking 

6 device by said connector system. 



1 



14. An improved masking device as recited in claim 13 wherein said transmitter 

2 portion is an infrared transmitting device and said receiver portion is an infrared 

3 receiving device. 

1 15. An improved masking device as recited in claim 4 wherein said means for 

2 controlling the fight valve state of each of said pixels includes means for controlling the 

3 voltage applied between each of said pixel electrodes and said common electrode 

4 thereby providing means for modulating the transparency of each of said pixels. 

1 16. An improved masking device as recited in claim 15 wherein said means for 

2 controlling the voltage applied between each of said pixel electrodes and said common 

3 electrode includes a digfial-to-analog converter circuit. 

1 17. An improved masking device as recited in claim 1 wherein the optical 

2 characteristics of each said light valve are compatible with their use in conjunction with 

3 photolithographic exposure systems operating with ultraviolet ill mrrinari on in the range 

4 of 240 to 470 nanometers. 
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1 18 A method far testing the integrity of the transistor switches of a programmable 

2 masking device including a micro array of discrete pixel electrodes disposed in an 

3 orderly array of rows and columns on a transparent substrate .forming one wall of a 

4 chamber ~™**™g a liquid crystal material, a first set of electrical conductors disposed 

5 to overlay rows of spaces separating adjacent rows of said electrodes, a second set of 

6 electrical conductors disposed to overlay columns of spaces between said electrodes 

7 directed orthogonal to said rows of spaces and an array of transistor switches, each of 

8 which is disposed proximate on the intersection of ones of said first and second 

9 conductors and electrically connected thereto tor selectively applying a controlled 

10 voltage to a selected pixel electrode, comprising the steps of 

11 defining by means of photolithographic processes a set of electrical 

12 interconnections linking each of the electrodes of each of said transistor switches in 

13 said array to a set of probing pads on the periphery of said micro array, said set of 

14 probing pads providing means for electrically accessing each of said transistor switches; 

15 performing predetermined electrical tests to establish the integrity of each of said 

16 transistor switches; and 

17 removing by means of photolithographic processes the portions of said electrical 
interconnections which have no further use in the final configuration of said 



18 



19 programmable masking device. 

1 19. A method for substituting the inierconiiections of any primary transistor switch of 

2 a programmable masking device which may be defective by making interconnection to 

3 a matching secondary transistor switch in a micro array of discrete pixel electrodes 

4 disposed in an orderly array of rows and columns on a transparent substrate forming 

5 one wall of a chamber containing a liquid crystal material, a first set of electrical 

6 conductors disposed to overlay rows of spaces separating adjacent rows of said 

7 electrodes, a second set of electrical conductors disposed to overlay columns of spaces 

8 between said electrodes directed orthogonal to said rows of spaces and an array of 

9 transistor switches, each including a primary transistor device and a secondary transistor 

10 device disposed proximate on the in t erse ction of ones of said first and second 

11 conductors and electrically c om wxir d thereto far selectively applying a controlled 

12 voltage to a sftlprrtrd pixel electrode, c omprisin g the steps of: 

13 removing by means of selective photoHfcographic processes the portions of the 
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15 pn^ swi«:h which to no u« in the fi^ config^oo of said 

16 Tjroerammablc masking device; and ... 
^Ig and generating by — of selective ******* F— J- 
alternative set of interconnections to each said secondary transistor ^ ^J* 
be required to operate in place of a corresponding primary transistor switch found to be 



17 
18 
19 

20 defective. 



1 20. A method of direct imaging onto a target surface patterns defined by patterning 

2 data provided by a computer system, coxrnmsing the steps of: 

3 providing a source of fflurnination; 

4 providing a programmable masking device including a liquid crystal micro array 

5 having a plurality of contiguous discrete programmable pixels responsive to deemed 

6 inputs and each of which pixels functions as a Ugh. vaive for Mocking or transmitting 

8 ^ providing means for directing light from said light source through said masking 

9 device and onto said target surface; and 

10 providing electronic means for selectively programming each of sari 

11 programmable pixels so that light passing through said masking device forms a desired 

12 image on said target surface. 

1 21 A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and is a patterned substrate and wherein the image 

3 cast onto said substrate is used to photoUthographically repair patterning defects 

4 previously identified on said patterned substrate. 



22 A method of direct imaging onto a target surface as recited in claim 20 wherein 
said target surface is photosensitive and the light passing through said masking device 
is used to alter the functionality of a solid state circuit formed upon said target surface 
by altering specific patterns on said solid state circuits in response to digital data 
generated by said computer system and input to. said masking device to control me 
6 pattern of light generated thereby. 

1 23. Amethodofo^imagmgontoatar^ 
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3 said target surface to have specific patterns altered thereon in response to electronic 

4 signals input to said masking device by said computer system. 

1 24. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and further comprising the step of employing said 

3 image to produce custom solid state circuits by generating the specific pattern! required 

4 for production thereof directly from digital data provided by said computer system. 

1 25. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and farther comprising the step of employing said 

3 image to change from site to site the patterns printed on a substrate with the use of a 

4 step-and-repeat exposure system. 

1 26. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and further including the step of employing said 

3 image to produce electronic inter-connections in electronic devices disposed on said 

4 photo-sensitive target sur f ace, 



1 



27. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is a visual projection screen and wherein each pixel of the projected 

3 image corresponds to digitized video information input to said masking device from a 

4 computing system. 

1 28. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said programmable pixels are formed by pixel electrodes and a common electrode 

3 having a liquid crystal material disposed therebetween and further comprising the step 

4 of: - 

5 controlling the voltage applied between said pixel electrodes and said common 

6 electrode to control the light valve state of each of said pixels thereby providing means 

7 far modulating the transparency of each of said pixels. 



1 



29. A method of direct imaging onto a target surface as recited in claim 28 anc 

2 farther comprising the step of: 

3 Timvidiwr a difnta]-to-*n«1ne converter rnnrit fnr fiontmllin^ th« vnlmee aooUec 
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4 between each of said pixel electrodes and said common electrode. 

1 30 A method of direct imaging onto a target surface as recited in claim 20 for 

2 generating in- real time ^nree-dimension^ 

3 
4 



3 
4 



^panmable masking device to alternatively develop ooss-polartad images which 
when viewed with polarang eyeglasses appear to a viewer to provrie a three- 



5 dimensional image. 



1 31 A method of direct imaging onto a target surface as recited in claim 20 and 

2 further comprising using said masking device to generate, in real time, holographic 

3 images in response to digitized holographic video data input thereto from a computing 



4 means. 

1 32. A method of direct imaging onto a target surface as recited in claim 20 wherein 

2 said target surface is photosensitive and further comprising projecting the image cast by 



said masking device into a printing means to reproduce on paper digitized video images 
corresponding to digitized video signals input to said masking device from a computing 



5 means 
1 



33. A method of providing a masking device for use in conjunction with a source of 

2 mumination, mumination optics, and exposure optics for directing light through said 

3 masking device and onto a target surface, comprising the steps of: 

4 providing a transparent primary surface coated on one side with a transparent 

5 conductive film patterned to form an array of pixel electrodes and coated on a second 

6 side with a Ught-polarizing film; 

7 providing a transparent secondary substrate coated on one side with a continuous 

8 transparent conductive film farming a common electrode for said array of pixel 

9 electrodes and coated on a second side with a light-polarizing film; 

10 providing means for precisely spacing and aligning said primary and said 

11 secondary substrates parallel to each other so that said one sides form the opposite 

12 sides of a flat sealed chamb er, 

13 providing a liquid crystal material disposed within said chamber, 

14 faming an array of transistor switches on the surface of said firimary substrate 
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16 electrodes; 

17 fanning a set of control lines by depositing conductive material on the surface of 

18 said primary substrate; 

19 forming a set of data lines by depositing condnctive material on the surface of 

20 said primary substrate; 

21 providing for interconnecting the control electrode of each of said transistor 

22 switches to one of said control lines; 

23 providing means for interconnecting each of said pixel electrodes to one of said 

24 data lines via an electrically switchable connection made by one of said transistor 

25 switches; and 

26 providing a means for coupling input control signals to said control lines and said 

27 data lines. 

1 34. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 reducing the effective sheet resistivity of said common electrode by providing an 

4 opaque conductive film on said secondary substrate over those areas of said second 

5 substrate delineated by the shadow of the spaces separating the pixel electrodes on said 

6 primary substrate when said programmable masking device is operated under intended 

7 illumination conditions. 

1 35. A method of providing a masking device as recited in claim 34 and further 

2 comprising the step of: 

3 optically defining the edges of said opaque conductive film formed on said 

4 secondary substrate to provide a precise optical definition of the edges of each of said 

5 pixels in said micro array. 

1 36. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 providing a discrete color filter in optical association with each said pixel 

4 electrode, the color of each said color filler being selected from the group consisting of 

5 red, green and bine colors, said color filters being respectively positioned relative to 

6 n d j nrfi tt color fibers finch tha: a panicnlar groupin g of said color filters defines a 

n -.n •- s - • J — — - ~ * * 
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1 37. A n*thod of prtmding a masking device as recited in claim 33 and further 

2 comprising the steps of: . 

3 coaflgaring said array of oanastor switches to have one primary transis«>r svmch 

4 and at least one secondary transiaor switch associated with each of said poel 

5 electrodes to provide transistor switch ledundancy; and 

6 prmriding means for snbstitnting. through alternative interconnections, one of said 

7 secondary transistor switches for one of said primary transistor switches. 

1 38. A method of providing a masking device as recited in claim 33 and former 

2 comprising the step of: 

3 forming at least one alternative interconnection for each interconnection formed 

4 via said control lines and said data lines. 

1 39. A method of providing a masking device as recited in claim 38 and further 

2 comprising the step of: 

3 creating said alternative interconnections by forming said control lines and sazd 

4 data lines with multiple layers of conductive material directly superimposed upon each 

5 other with each layer being generated by a separate photo-Uthographic operation as a 

6 means of statistically insuring that defects on one layer do not coincide with defects on 
another layer so as to statistically insure that said control lines and said data lines are 



7 



8 tree of undesirable discontinuities. 

1 40. A method of providing a masking device as recited in claim 33 and further 

2 comprising the step of: 

3 repairing discontinuities in said data lines and said control lines by locally 

4 depositing a bridging metal trace over any discontinuity identified therein. 

1 41. A method of providing a masking device as recited in claim 33 and further 

2 comprising the steps of: 

3 extending said primary substrate to include an area on the periphery of said micro 

4 anay faming a multilayer totalization system in said area; 

5 disposing a set of integrated driver circuits upon said area to provide means for 
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7 disposing a set of integrated intnfarc circuits upon said area to provide means for 

8 interfering and data-linking said integrated driver circuits to an external computer 

9 system for electronically processing and generating desired patterning data; 

10 forming a set of bonding pads to provide means for connecting said set of 

11 integrated driver circuits and said set of integrated interface circuits to said multiple 

12 layer metalization system; 

13 providing rn*sm* for connecting said set of control lines and said set of data lines 

14 to appropriate points on said multiple layer metalization system; 

15 providing a set of probing pads in said area to connect external test systems to 

16 appropriate test points of said multiple layer metalization system, said test points being 

17 such as to provide means for testing the electrical integrity of said programmable 

18 masking device; and 

19 providing means for connecting said set of interface circuits to a data 

20 communications connector system incorporated in one of said substrates to provide an 

21 inter-connection to an external data communication link providing access to an external 

22 computer system. 

1 42. A method of providing a masking device as recited in claim 41 and further 

2 comprising the step of: 

3 . providing a coupling device for each data communications line in said connector 

4 system and for causing the physical components of the transmitting portion and the 

5 receiving portion of said coupling device to be physically isolated from each other so 

6 as to insure that no mechanical strain is applied to said programmable masking device 

7 by said connector system. 

1 43. A method of providing a masking device as recited in claim 42 and further 

2 comprising the step of: 

3 providing an infrared transmitting device for use in said transmitting portion and 

4 providing an infrared receiving device for use in said receiving portion. 

1 44. A method of providing a masking device as recited in claim 33 and further 

2 c omprisin g the step of: 

3 cprtmiKng the voltage applied between said pixel electrodes and said common 
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H«iim 44 and further 

cornprising the step 06 contiolling the voltage applied 

mmdmg a digital-to-analog converter caemt 

„ JT- ^ — - ■* — 

in claim 33 and further 

OTBpriang the Jtep ofi ^ „ be compatible with 

,he opneal cnaraoensncs of * V ^ ta 

ta use in conjunction «tn expose systems operant.! « 
ure range of 24M70 nanometers. 
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